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1.0 SUMMARY 
This  f i n a l  r e p o r t  covers  the problems encountered and solved by 
Northrop E lec t ron ic s  i n  the  des ign ,  development and production of a  min ia tu re  
Time Code Generator (NASA/FRC Contract  No. NAS 4-138 1) . Recommendations f o r  
f u t u r e  u n i t s  a r e  a l s o  made. The system c o n s i s t s  of a  Time Code Generator 
and a  S e t t i n g  Control  6 Tes t  Unit .  This r e p o r t  con ta ins  photographs and 
s p e c i f i c a t i o n s  of the  u n i t s  descr ibed .  
The Northrop E lec t ron ic s  minia ture  Time Code Generator ,  P a r t  No. 50633500, 
i s  a  h igh  p rec i s ion  u n i t  designed t o  provide a t  l e a s t  one order  of magnitude 
decrease i n  each s i z e ,  weight and power over those p re sen t ly  a v a i l a b l e  on the  
commercial o r  m i l i t a r y  market.  The r e s u l t  i s  a  u n i t  about  the s i z e  and weight 
of a  deck of playing ca rds  using w r i s t  watch b a t t e r i e s ,  y e t  maintaining h igher  
accuracy over the e n t i r e  s p e c i f i e d  temperature range than some c r y s t a l  c o n t r o l l e d  
u n i t s .  The u n i t  produces a  modified I R I G  B s e r i a l  time code i n  a  modulated c a r r i e r  
form s u i t a b l e  f o r  recording by magnetic tape r eco rde r s  and o the r  da t a  recording 
o r  d a t a  a n a l y s i s  equipment. This information may be e i t h e r  r e a l  o r  e lapsed 
time. Other formats can be e a s i l y  provided. Power i s  provided by e i t h e r  
i n t e r n a l  b a t t e r i e s  o r  e x t e r n a l  sources.  The u n i t  i s  p ro tec ted  a t  a l l  times 
from damage from reasonable e x t e r n a l  malfunct ion,  o r  e r r o r s .  
The Time Code Generator i s  encapsulated i n  S tycas t  1266, a  hard ,  t r a n s -  
pa ren t ,  non-toxic  epoxy, except  f o r  the b a t t e r i e s ,  which a r e  sea led  from the 
e x t e r n a l  environment by an o- r ing .  Access t o  the  b a t t e r i e s  i s  provided through 
a  sealed , Lexan cover.  
E l e c t r i c a l  s i g n a l s  and power a r e  provided through a  water- t i g h t ,  p o s i t i v e  
locking,  minia ture  Lexan connector.  The connector was developed by NASA/MSC 
f o r  Apollo biomedical ins t rumenta t ion .  It is  resessed  i n  the  Time Code Generator 
f o r  added abras ion  p ro t ec t ion  when the u n i t  i s  n o t  connected i n  a  harness.  
The S e t t i n g  Control  and Tes t  Uni t ,  P a r t  No. 50633535, i s  a  system 
t e s t  s e t  used t o  read the  t ine  code produced by t h e  minia ture  Time Code 
Generator ,  t o  prove t h a t  the time code produced i s  complete, and t o  provide a  
means of accu ra t e ly  ad jus t ing  the  time code t o  the  n e a r e s t  mi l l i second.  A 
housing i s  provided f o r  the minia ture  Time Code Generator (TCG) when i t  i s  
connected t o  the S e t t i n g  Control and Tes t  Unit .  A meter and numerous t e s t  
po in t s  a r e  provided t o  check the vo l t ages  and opera t ion  of the S e t t i n g  Control  
and P e s t  Uni t ,  and the outputs  of the  TCG. Power i s  provided by e i t h e r  i n t e r n a l  
b a t t e r i e s ,  o r  connection t o  e x t e r n a l  115 VAC, 60 cyc l e  sources.  The Time Code 
Generator i s  p ro tec ted  a t  a l l  times from damage by excessive vol tage .  
The S e t t i n g  Control  and Tes t  Unit  i s  mounted i n  a  p l a s t i c  ca r ry ing  case ,  
which can be sea led  from d u s t  and moisture.  It  i s  intended f o r  l abo ra to ry  use,  
bu t  i s  capable of use i n  the  harsher  environment of the f l i g h t  l i n e ,  and i n  
p laces  where no source of e l e c t r i c a l  power i s  a v a i l a b l e .  
Readout of the time code is  provided by s i x ,  neon numeric i n d i c a t o r s .  
Ind ica t ion  of t he  presence of marks i n  t he  time code i s  provided by neon ind ica to r s .  
The pulse  genera tor  f o r  s e t t i n g  the  Time Code Generator has  7 ranges of 
f requency,  and a  s top  c lock  func t ion .  

2.0 INTRODUCTION 
2 . 1  Background 
The Time Code Generator and the  S e t t i n g  Control  6 Tes t  Unit  were 
developed and produced by Northrop under NASA F l i g h t  Research Center Contract  
NO. NAS4-1381. The P r o j e c t  Engineer was William B. E l l e r n ,  a s s i s t e d  by 
P.  F. Ulmer, R.  Tur ren t ine  and G .  Blakesley. 
The u n i t  i s  intended t o  be used with a  biomedical recording system 
worn by p i l o t s  f l y i n g  high performance a i r c r a f t .  This  n e c e s s i t a t e d  making 
the u n i t  a s  smal l  a s  poss ib l e ,  conta in ing  only e s s e n t i a l  func t ions  so  the 
p i l o t  could wear i t  wi th  h i s  o the r  ins t rumenta t ion .  Consequently, the  Time 
Code Generator produces only e l e c t r i c a l  time information.  The v i s u a l  reaciout 
and s e t t i n g  func t ions  a r e  contained i n  a  s epa ra t e  u n i t ,  the Se t t i ng  Control  
and Tes t  Unit .  
The u n i t  has c u r r e n t l y  succes s fu l ly  completed a l l  l abora tory  t e s t i n g  
and i s  being t e s t  flown w i t h  var ious  recording systems. 
This r e p o r t  concludes the c o n t r a c t  by documenting the  problems encountered 
and solved i n  performance of the c o n t r a c t  and making recommendations f o r  
f u t u r e  changes. I t  i s  d iv ided  i n t o  two po r t ions ;  the f i r s t  dea l ing  with the  
Time Code Generator ,  and the  second with the S e t t i n g  Control  6 Tes t  Unit .  
Our thanks go t o  the  vendors who t o l e r a t e d  our imposi t ions t o  ob ta in  
s t a t e - o f - t h e - a r t  i tems e a r l y ;  p a r t i c u l a r l y ,  R.C.A. ,  N.S.C., Barden Inc.  
and Tec l i g h t .  
3  .0 ACCOMPLISHMENTS 
3 .1  Time Code Generator 
The i n i t i a l  design of the  minia ture  Time Code Generator was made 
during the proposal  e f f o r t  on the  c o n t r a c t .  The design goa ls  s e t  were 
minimum s i z e  (commenserate with environmental f a c t o r s ) ,  minimum power (10 
hour b a t t e r y  opera t ion  r equ i r ed )  and maximum accuracy (.001%). 
These goa l s  accentuated our  primary problem a reas  and an immediate survey 
( M ~ Y  1968) of t hese  problem a r e a s  was made. They were: low power i n t e g r a t e d  
c i r c u i t s ,  h igh  power d e n s i t y  b a t t e r i e s ,  high accuracy tuning f o r k / c r y s t a l  OS-  
c i l l a t o r s  , and min ia tu re ,  p o s i t i v e  locking connectors .  
The i n t e g r a t e d  c i r c u i t  l i n e s  of 18 vendors,  r ep re sen t ing  a  ma jo r i t y  of 
the  indus t ry ,  were surveyed. Only one spec i a l i zed  i n  a  l i n e  of low power 
log ic .  Thei r  product requi red  was - TWO orders  of magnitude l e s s  power than 
any o the r .  
The b a t t e r y  l i n e s  of 10 vendors were surveyed. The h ighes t  power/volume 
r a t i o  f o r  a  commercially a v a i l a b l e  b a t t e r y  was a  s i l v e r  oxide,hearing a i d , b u t t o n  
c e l l .  Higher power d e n s i t i e s  were a v a i l a b l e  i n  experimental  b a t t e r i e s ,  b u t  
these  were r e j e c t e d  because of p o t e n t i a l  supply/cost  problems. 
An accuracy of .005% rep resen t s  the boundry between good tuning f o r k s ,  
and average c r y s t a l  o s c i l l a t o r s .  The combination of t h ree  f a c t o r s ,  s i z e ,  
power,and accuracy led t o  a  tuning fo rk  being chosen over a  c r y s t a l  o s c i l l a t o r .  
The survey turned up one vendor making tuning fo rks  of .002% ( +1 - second/lO 
hour per iod)  which was considered adequate f o r  the requirement.  Curren t ly ,  
( ~ p r i l  1969) t h i s  u n i t  i s  s t i l l  unique. 
A survey  of manufac tu re r s  uncovered on ly  two p o s i t i v e  l o c k i n g  c o n n e c t o r s  
mee t ing  t h e  s i z e ,  and environmental  r equ i rements  imposed. The s m a l l e r ,  
Lexan-bodied connec tor  was chosen over  a  meta l  bodied u n i t .  I t  a l s o  had a  
h i s  t o r y  of development f o r  b iomedica l  i n s t r u m e n t a t i o n  w i t h  t h e  Manned Space 
F l i g h t  Cen te r  a t  Houston, Texas.  
The n e x t  c o n s i d e r a t i o n  was packaging,  The low power i n t e g r a t e d  c i c u i t s  
were o n l y  a v a i l a b l e  i n  d u a l  i n  l i n e  (DIL) packages w i t h  a  l i m i t e d  number of 
l o g i c  combina t ions ,  A rough l o g i c a l  d e s i g n  was performed producing a  package 
coun t  o f  46 i n t e g r a t e d  c i r c u i t s .  Dummy DIL packages were examined. The l e a d s  
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cou ld  be  s t r a i g h t e n e d ,  indeed t w i s t e d  360 w i t h o u t  b reak ing .  Based on t h e s e  
f a c t s ,  cordwood packaging was i n d i c a t e d .  Welded w i r e  d e s i g n  of t h e  i n t e r -  
connec t ing  l e a d s  was c o n s i d e r e d ,  and r e j e c t e d  i n  f a v o r  of p r i n t e d  c i r c u i t  
boards .  The b u i l d u p  of t o l e r a n c e s  f o r  t h e  welded w i r e  assembly made it s i g n i f i -  
c a n t l y  t h i c k e r  than t h e  p r i n t e d  c i r c u i t  board v e r s i o n  and d i d  n o t  lend i t s e l f  
t o  q u a n t i t y  p roduc t ion .  The f i n a l  assembly would be embedded i n  p l a s t i c  f o r  
added environmental  p r o t e c t i o n .  
Based on t h e  number o f  components, t h e i r  s i z e ,  and cordwood packaging 
w i t h  a  nominal t o l e r a n c e  b u i l d u p ,  a  s i z e  of .68" x  2.42" x  2.60" (17.3 mm x  
61.5 mm x  66.0 mm) was p r o j e c t e d .  An a d d i t i o n a l  .040" was a l lowed on each 
dimension f o r  manufactur ing t o l e r a n c e .  
A f t e r  t h e  f i r s t  breadboard was made of t h e  d i g i t a l  p o r t i o n  of t h e  c i r c u i t ,  
minor problems o c c u r r e d  i n  t h e  r e s e t t i n g  c i r c u i t  from 23:59:59 t o  00:OO:OO. 
A l l  o f  t h e  l o g i c  was worked o v e r  t o  f u r t h e r  s i m p l i f y  i t ,  f u r t h e r  reduc ing  t h e  
number of d i g i t a l  i n t e g r a t e d  c i r c u i t s  t o  42 t o t a l .  
A l l  i n t e r c o n n e c t i o n s  were completed on two doub le  s i d e d  p r i n t e d  c i r c u i t  
boards .  
The breadboard was r e b u i l t  t o  match t h e  p r i n t e d  c i r c u i t  w i r i n g .  T h i s  
made i t  p o s s i b l e  t o  o p e r a t e  each component i n  advance e x a c t l y  a s  i t  would be 
used i n  t h e  f i n a l  assembly.  
D i f f i c u l t i e s  were found w i t h  the  l i n e a r  c i r c u i t r y .  The s imple  o u t p u t  
modula tor  d e r i v e d  i n  t h e  p r o p o s a l  d e s i g n  proved i n a d e q u a t e  i n  p r a c t i c e .  An 
a c t i v e  f i l t e r  was used t o  change t h e  t u n i n g  f o r k  o u t p u t  from a  1 KHz s q u a r e  
wave t o  a I X I G  s p e c i f i e d  s i n e  wave. The a c t i v e  f i l t e r  caused a  phase  s h i f t ,  
making i t  n e c e s s a r y  t o  d r i v e  t h e  d i g i t a l  c i r c u i t r y  from t h e  f i l t e r  o u t p u t  
r a t h e r  than  t h e  t u n i n g  f o r k  o u t p u t .  A t r a n s i s t o r  was used  t o  s q u a r e  up t h e  
s i n e  wave f o r  t h e  d i g i t a l  c i r c u i t r y .  
E a r l y  i n  t h e  d e s i g n  i t  was d i scovered  t h a t  t h e  e x t e r n a l  power s u p p l y  
v o l t a g e  cou ld  exceed t h e  amount d e s c r i b e d  i n  t h e  c o n t r a c t  by a  f a c t o r  o f  2 .  
T h i s  excluded t h e  use  of  a  s imple  zener  d i o d e  f o r  o v e r v o l t a g e  p r o t e c t i o n .  
A f l a t  pack v o l t a g e  r e g u l a t o r  w i t h  t h e  a s s o c i a t e d  c i r c u i t r y  was s u b s t i t u t e d .  
An e x c e p t i o n  was a l s o  made t o  t h e  s p e c i f i e d  o u t p u t  ampl i tude .  T h i s  
was r e s o l v e d  by u s i n g  a  d i f f e r e n t  v a l u e  r e s i s t o r .  
Exper ience  ga ined  d u r i n g  checkout  of t h e  b readboard  b rough t  t o  l i g h t  
t h e  r e a l i z a t i o n  t h a t  t h e  c o n t i n o u s  o p e r a t i o n  of  t h e  Time Code Genera to r  
cou ld  n o t  be checked w i t h o u t  u s e  of  a S e t t i n g  Cont ro l  and T e s t  U n i t ,  It i s  
p o s s i b l e  t o  s t o r e  and r e a d  a  s i n g l e  t ime  code on a n  o s c i l l o s c o p e ,  b u t  i t  i s  
a lmos t  i m p o s s i b l e  t o  r e a d  on a  scope t h e  f u l l  t ime  code a s  it  i s  g e n e r a t e d  
and changed each  second,  t o  v e r i f y  t h e  p roper  dynamic o p e r a t i o n  of  a l l  of  
t h e  c i r c u i t r y .  
The time code r eade r s  commercially a v a i l a b l e  read only  the time code elements ,  
n o t  t he  marks, blank spaces ,  o r  the  number of c a r r i e r  pu lses  making up an 
element i n  the Time Code. The S e t t i n g  Control  6 Tes t  S e t  does a l l  these .  
As a  consequence f i n a l  f a b r i c a t i o n  of the  TCG was delayed u n t i l  the  S e t t i n g  
Control  and Tes t  Unit became ava i l ab l e .  Completion of f a b r i c a t i o n  was f u r t h e r  
delayed by a  problem i n  f a b r i c a t i o n  of t he  tuning f o r k  o s c i l l a t o r .  This u n i t  
was a  new design t h a t  consumed l e s s  power than any previous ly  designed. The new 
design used a  p a r t  which had been a d v e r t i s e d  b u t  was n o t  a c t u a l l y  a v a i l a b l e .  
When i t  became obvious t h a t  t he re  would be 6  t o  8 months de lay  i n  obta in ing  
t h i s  p a r t ,  cons iderably  l a r g e r  s u b s t i t u t e  p a r t  was obtained.  The problem i n  
f a b r i c a t i o n  was s e a l i n g  the tuning fo rk  case  without  crushing the  con ten t s .  
This  d i f f i c u l t y  was f i n a l l y  resolved by r e l ax ing  one dimension and f a b r i c a t i n g  
a s p e c i a l  case t o  con ta in  the  fork .  
The s u b s t i t u t e  p a r t  i n  the tuning f o r k  permit ted a  cons iderable  power 
reduct ion  over any previous ly  f ab r i ca t ed  u n i t .  This  a d d i t i o n a l  power margin 
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was needed when i t  was discovered t h a t  a t  +20 F  ( - 6  C) s i l v e r  oxide b a t t e r i e s  
have a  tendency t o  f r e e z e ,  reducing the t o t a l  power a v a i l a b l e .  A t  i - 2 0 ' ~  
0 ( -6  C) the  p re sen t  b a t t e r i e s  have s u f f i c i e n t  power t o  permit 10 hours  oE 
opera t ion .  This  "frozen" power i s  a v a i l a b l e  a t  room temperature,  permi t t ing  
i n  excess  of 30 hours of continuous opera t ion .  
The Time Code Generator was f i n a l l y  assembled, checked o u t ,  and ready t o  
encapsula te  when four  f a i l u r e s  of g a t e s  occurred.  A l l  these  f a i l u r e s  occurred 
wi th in  a  one week period t o  g a t e s  which had been opera t ing  without  problem f o r  
the previous 6  months. The cause was t raced t o  the  use of nylon smocks i n  the  
c l ean  room where work had been done on the time code genera tor .  When taken o f f ,  
t h e  smocks produced a  charge of s eve ra l  thousand v o l t s ,  which had been subsequently 
discharged through the  time code genera tor  c i r c u i t r y .  
The time code genera tor  was r epa i r ed .  Precaut ions were taken a g a i n s t  
f u r t h e r  re-occurrences.  These were procedura l ,  and providing a  sho r t ing  cap 
on the  u n i t  suppl ied t o  be used when it  i s  n o t  connected i n t o  a  harness .  A l l  
f u r t h e r  u n i t s  w i l l  be f a b r i c a t e d  from the  new s t a t i c  r e s i s t a n t  u n i t s  now 
a v a i l a b l e .  
The Time Code Generator was encapsulated and suppl ied  t o  NASA F l i g h t  
Research Center without  f u r t h e r  i n c i d e n t .  It has succes s fu l ly  undergone a l l  
t he  t e s t s  performed on it. The t e s t  and ope ra t iona l  h i s t o r y  of t h i s  u n i t  
w i l l  be t h e  sub jec t  of a  subsequent r epo r t .  
The Time Code Generator i s  shown i n  Figure 1. The s p e c i f i c a t i o n s  on 
the Time Code Generator a r e  given i n  Appendix 1. 
3 . 2  S e t t i n g  Control  6 Tes t  Unit  
As o r i g i n a l l y  proposed the S e t t i n g  Control  6  Tes t  Unit  ( s c ~ T u )  cons is ted  
of j u s t  readouts  and a  s e t t i n g  c o n t r o l  with power supp l i e s  and b a t t e r i e s .  As 
work progressed,  i t  became apparent  t h a t  a d d i t i o n a l  f e a t u r e s  were needed, thus 
a  s e r i e s  of func t ions  were added f o r  more completely t e s t i n g  both the  opera t ion  
of t he  Time Code Generator ,  and the u n i t ' s  own i n t e r n a l  opera t ion .  The f i n a l  
i tem de l ive red  would more a c c u r a t e l y  be c a l l e d  a  "time code gene ra to r  t e s t  s e t "  
and could with minor modi f ica t ion  be made a  p iece  of gene ra l  purpose t e s t  
equipment f o r  any time code genera tor .  
The o r i g i n a l  design goa l s  s e t  were low c o s t  (because of relaxed environ- 
mental f a c t o r s ) ,  p o r t a b i l i t y ,  and 115 VAC/battery opera t ion .  In  a c t u a l  f a c t ,  
the f i n a l  design was d i c t a t e d  almost e n t i r e l y  by the  readout  devices .  
The readout  device chosen f o r  the SCGTU was a  neon i n d i c a t o r  tube which 
ope ra t e s  a t  + 180V. An inexpensive combination of tube,  mounting and in t eg ra t ed  
c i r c u i t  d r i v e r  was s e l e c t e d .  This  u n i t  was the sma l l e s t  conbina t ion  device of 
o f  i t s  kind on t h e  market .  To match t h e  r e a d o u t s ' d r i v i n g  c i r c u i t r y  s imi la r  
5 v o l t  dev ices  were  used  i n  t h e  l o g i c .  Th i s  n e c e s s i t a t e d  t h r e e  power s u p p l i e s  
and t h r e e  s e t s  o f  b a t t e r i e s  (+ 200V, + 15V and + 5 ~ ) .  The power s u p p l i e s ,  
b a t t e r i e s  and t h e  mount iags  r e q u i r e d  t o  p rov ide  t h e s e  ~ h r e e  v o l t a g e s  
r e p r e s e n t  over  h a l f  t h e  weight  and 2/3 t h e  volume r e q u i r e d  f o r  t h e  SCGTU. 
The d e s i g n  o f  t h e  S e t t i n g  C o n t r o l  and T e s t  Uni t  fo l lowed t h a t  of t h e  
Time Code G e n e r a t o r ,  a l t h o u g h  b o t h  were r e q u i r e d  t o  check each o t h e r  o u t .  
Th i s  dilemma i n  schedu l ing  was t o  be  made up by breadboarding t h e  c i r c u i t r y  
and f a b r i c a t i n g  t h e  f i n a l  package of t h e  SCdTU i n  p a r a l l e l .  A s  t h e s e  e f f o r t s  
neared  comple t ion ,  n o t i f i c a t i o n  of a  minor d e l a y  i n  d e l i v e r y  o f  t h e  r e a d o u t s  
was r e c e i v e d .  The a c t u a l  de lay  was s e v e r a l  months. 
When t h e  r e a d o u t s  were f i n a l l y  d e l i v e r e d ,  d i f f i c u l t i e s  were d i s c o v e r e d  
w i t h  h i g h  f requency  n o i s e  a f f e c t i n g  t h e  i n p u t  b u f f e r s .  T h i s  n o i s e  was i n  t h e  
500 KHz t o  4 MHz r a n g e ,  of smal l  a m p l i t u d e  and random occur rence ,  It cou ld  no t  
be normal ly  d e t e c t e d  on a  o s c i l l o s c o p e .  I t  was e l i m i n a t e d  by f i l t e r i n g .  
The f i n a l  u n i t  met t h e  d e s i g n  g o a l s  s o  f a r  a s  they  cou ld  be met us ing  
t h e  r e a d o u t s  s e l e c t e d .  The S e t t i n g  C o n t r o l  d T e s t  Uni t  s p e c i f i c a t i o n  a r c  g i v e n  
i n  Appendix 11. 
4.0 RECOMMENDATIONS 
4 .1  Time Code Generator 
The fol lowing changes a r e  contemplated on f u t u r e  time code gene ra to r s .  
1. Use s t a t i c - e l e c t r i c i t y - r e s i s t a n t  i n t e g r a t e d  c i r c u i t s .  
2 .  A va lue  a n a l y s i s  of the con ta ine r  f o r  the  b a t t e r i e s  should be 
performed and a l t e r n a t e  methods of f a b r i c a t i o n  should be inves t iga t ed .  
3. The c r i t i c a l  i tem t o  the  e n t i r e  p r o j e c t  i s  the  tuning fo rk .  The 
fol lowing suggest ions should be pursued a s  poss ib le  means of 
eas ing  i t s  c r i t i c a l  na ture ;  e s t a b l i s h  a l t e r n a t e  sources,  
p rovide  s u f f i c i e n t  time a f t e r  procuremmt t o  v e r i f y  accuracy and 
aging r a t e  o r  i f  necessary,  ob ta in  a  4KHZ fo rk  and count down t o  
1 KHZ i n  Time Code Generator.  
4.2 S e t t i n g  Control  and Tes t  Unit 
The fol lowing changes a r e  cont implated on f u t u r e  S e t t i n g  Control and 
Tes t  Units .  
1. Do n o t  use RTL in t eg ra t ed  c i r c u i t s .  
2. Use Dual- in- l ine in t eg ra t ed  c i r c u i t  packages. 
3 .  Survey the  e n t i r e  d i sp l ay  device  f i e l d  f o r  more adequate devices  
us ing  fewer o r  lower vo l t ages .  
4 .  The l i d  should be shallower permi t t ing  rubber f e e t  t o  be put  on 
the main body only. This  w i l l  permit t he  u n i t  t o  be placed on 
a  work bench i n  v e r t i c a l  a s  we l l  a s  h o r i z o n t a l  pos i t i on .  
5. The mounting holes  i n  the  f r o n t  panel should be s l o t t e d  and spaced 
t o  permit  r e l a y  rack  mounting. 
6 .  Fuse s i z e s  should be inscr ibed  under the f u s e  vo l t ages .  
7 .  Ba t t e ry  switch should have th ree  p o s i t i o n s ,  OFF/TRICKLE CHARGE/CHARGE. 
Readout s w i t c h  shou ld  o p e r a t e  a s  f o l l o w s  : 
OFF - Turns o f f  + 200V and + 3.75V s u p p l i e d  t o  a l l  l o g i c  and d i s -  
p l a y s  . The + 14V i s  s u p p l i e d  t o  TCG, b u t  n o t  t o  i n p u t  
b u f f e r s .  
RUN - Normal c o n t i n u o u s  r e a d o u t  o p e r a t i o n .  
HOLD - TCG d i s c o n n e c t e d  ( s e e  9 below).  SC & TU w i l l  h o l d  l a s t  
p r e v i o u s  r e a d i n g  b u t  TCG c o n t i n u e s  runn ing .  
A l l  o f  t h e  TCG o u t p u t s  shou ld  go from TCG h a r n e s s  c o n n e c t o r  t o  t h e  TCG 
t e s t  p o i n t s  and t h e n  t o - t h e  c o n t a c t s  of a  seven  p o l e  r e l a y  e o n t s o l l e d  
by a t o g g l e  s w i t c h  ( s e e  8 above) .  
The i n p u t  b u f f e r s  shou ld  b e  r e d e s i g n e d  u s i n g  an AGC c o n t r o l  c i r c u i t  
s o  any Time Code Genera to r  cou ld  be connected t o  t h e  SCGTU. 
The i n p u t  b u f f e r s  shou ld  have b e t t e r  f i l t e r i n g  f o r  h i g h e r  f r e q u e n c i e s  
(above 100 Ktizj 
Some a d d i t i o n a l  v i s u a l  i n d i c a t i o n  of e r r o n e o u s  o p e r a t i o n  shou ld  be 
provided t o  check t h e  t ime code.  
A d i g i t a l  countdown c i r c u i t  from 1 MHd i n s t e a d  of  a m u l t i v i b r a t o r  
shou ld  be  provided f o r  t h e  s e t t i n g  c o n t r o l  o s c i l l a t o r .  
A s e p a r a t e  Readout & S e t t i n g  C o n t r o l  shou ld  be  developed f o r  f r i g h t  l i n e  
use .  T h i s  u n i t  shou ld  be rugged,  low power, b a t t e r y  o p e r a t e d  
i n c o r p o r a t i n g  o n l y  t h e  r e a d o u t  and s e t t i n g  c o n t r o l  f u n c t i o n s .  
T h i s  would e l i m i n a t e  t h e  need f o r  b a t t e r i e s  i n  t h e  SCGTU. 
APPENDIX 1 
Size  : 0.72" x  2.46" x  2.64" maximum including connector .  
Weight: Under 4.6 ounces (135 grams) 
Power ( ~ o m i n a l )  I n t e r n a l :  9 V.D.C. 
Power ( ~ o m i n a l )  Externa l :  14 V.D.C. a t  4.0 mA. 
Accuracy: + - 0.002% o r  b e t t e r  over the  spec i f i ed  temperature range 
Fin ish :  Non-toxic p l a s t i c s  and inks compatible with human evnironment. 
A 1 1  corners  a r e  radiused (3mm or  more) 
A l l  sharp  edges, b u r r s ,  n i cks  and rough s p o t s  a r e  removed. 
Output (General) :  I R I G  B format accumulated elapsed time counting from 
time 0  t o  any p r e s e t  time of day i n  seconds, minutes and hours .  
Day number and accumulated b inary  seconds n o t  - provided i n  t h i s  
model. A one second mark is  provided on a  second output  l i n e .  
Output (De ta i l ed ) :  Time of day i n  BCD seconds, minutes and hours.  The 
format i s  a  modified I R I G  B format i n  a  modulated c a r r i e r  s e r i a l  
time code. 
( a )  C a r r i e r :  1000 Hz s i n e  wave 
(b)  Amplitude: 500 mV p-p minimum, high amplitude s t a t e .  
( c )  Modulation Rat io:  3 : l  
(d)  Frame Length: One (1) second conta in ing  100 b i t s .  
( e )  Binary One: Five (5)  mi l l i seconds  a t  500 mV p-p. 
( f )  Binary Zero: Two (2) mi l l i seconds  a t  500 mV p-p. 
(g)  Binary Mark: Eight  (8)  mi l l i seconds  a t  500 mV p-p. 
(h)  Load: I t  i s  suggested the  inpu t  impedance of the i n t e r f a c i n g  device  
be g r e a t e r  than 5000 ohms. 
( i )  Other Output: The one second mark output  is  a  +9V, p o s i t i v e  
going,  100 mi l l i second long, square pulse  s t a r t i n g  a t  the be- 
ginning of each frame. 
Inputs :  ( a )  Reset ;  a  -I-9 v o l t  s i g n a l  l a s t i n g  a t  l e a s t  1/4 microseconds 
on the  r e s e t  l i n e  r e s e t s  t he  Time Code Generator t o  zero 
time. 
(b) Sec Sync: a  s e r i e s  of +9 v o l t  pu lses  advances the  m i l l i -  
second counters  of the Time Code Generator.  
( c )  Time Sync; a  s e r i e s  of +9 v o l t  pu lses  advance the second 
counter  of the  Time Code Generator.  
Running Time: Using i n t e r n a l  b a t t e r i e s  a  minimum of 10 hours ope ra t ion  
i s  provided. Nominal running times of about  20-30 hours may be expected 
dependent on the ambient temperature.  
Malfunction P ro tec t ion :  No damage w i l l  occur t o  the  Time Code Generator 
when subjec ted  t o  a  reasonable e x t e r n a l  malfunct ion a s  fol lows:  
( a )  Short ing any two p ins  of the connector including the power inpu t  
connect ions.  (Obviously sho r t ing  the  e x t e r n a l  power w i l l  cause  
a rc ing  and poss ib l e  melt ing of the sho r t ing  con tac t s ) .  
(b) Zero load on any pin of the connector a t  any time. 
The fol lowing malfunctions a r e  l imi ted  t o  the power l i n e  and 
w i l l  have no e f f e c t  on the  output .  
( c )  Excessive vo l t age  t o  +35 V.d.c. f o r  an i n d e f i n i t e  time. 
(d)  Abrupt l o s s  of vo l t age .  
( e )  Ripple ,  sp ikes  and t r a n s i e n t s  from 0 t o  +35 V a t  f requencies  
t o  10 MHz. 
Temperature Range (Operat ing):  +20° t o  4-130'~ (-6' t o  +54O~) 
Shock and Vibra t ion :  MIL-E-5400 
Acoustic Noise: Uneffected by J e t  Engine run-up. 
P re s su re :  Uneffected by Pressures  from 0.5 t o  28.0 ps i a  inc luding  
explos ive  decompression from 10 p s i a  LO 0.5 p s i a  i n  5 $ 0.5 seconds. 
S a l t  Water: With mated connectors  and sea led  b a t t e r y  ho lde r ,  s h a l l  
n o t  e x h i b i t  a r c i n g ,  sparking o r  temperature r i s e  when submerged 
i n  sea water t o  a  depth of 6 inches ,  o r  subjec ted  to  24 hours of s a l t  
spray.  
Oxygen Atmosphere: With mated connectors  and sea led  b a t t e r y  ho lde r ,  
s h a l l  n o t  a r c ,  spark  o r  endanger f l i g h t  s a f e t y  i n  a  100% oxygen 
atmosphere. 
APPENDIX 2 
SPECIFICATIONS FOR SETTING CONTROL 6 TEST UNIT, MODEL NSL-100, P/N 50633535 
S i z e  : 20.5" x 15" x 11" (52cm x 38cm x 28cm) 
Weight:  40 .1  l b .  (18.2 Kg) 
;?Power : 115 V.A.C., 60 c p s  
;?Finish:  Non-toxic p l a s t i c s  and i n k s ,  non-conduct ing p l a s t i c  c a r r y i n g  
c a s e .  A l l  edges  r a d i u s e d ,  a l l  s h a r p  edges ,  b u r r s ,  e t c ,  removed. 
;?Readouts : Hours, Minutes and Seconds 
*Running Time: 30 minu tes  min. on i n t e r n a l  power. 
;'iMalfunction P r o t e c t i o n :  No damage t o  TCG due t o  any m a l f u n c t i o n  o f  t h e  
S e t t i n g  C o n t r o l  6 T e s t  U n i t .  
C o n t r o l s :  READOUT - 3 p o s i t i o n  - HOLD, OFF, RUN 
SYNC - 2 p o s i t i o n  - SECOND, TIME 
PULSE GENERATOR - 8 p o s i t i o n  r o t a r y  swi tch  -  lank), Hz,  l ark), 
(Mark), KHz,  ark) , (Mark), MHz. 
RESET - Momentary Push But ton 
ADVANCE - Momentary Push But ton 
POWER - 3 p o s i t i o n  - BATTERY, OFF, 115 VAC 
BATTERY - 2 p o s i t i o n  - OFF, CHARGE 
DC VOLTAGE CHECK - 4 p o s i t i o n  r o t a r y  s w i t c h  - OFF, 3.75 V ,  
14V, 180V 




Connectors  : 
T e s t  P o i n t s :  TCG - TIME CODE, 1 SEC, SEC SYNC, TIME SYNC, RESET 
14V, GRD, 
SC - ERROR, CPI,  DATA DET, CP2, MARK SYNC, CP3, GND. 
115 VAC - M i n i a t u r e  T w i s t l o c k  
TCG - ME95185-7 t o  f i t  TCG c o n n e c t o r  
SCOPE - Gnd and 1 SEC s i g n a l  
Fuses :  3 .75 VDC - 3 amp. 8 AG 
1 4  VDC - 1/16 amp. 8 AG 
180 VDC - 1/8 amp. 8 AG 
115 VAC - 1 amp, 3 AG, S l o  Blo 
Shock 6 V i b r a t i o n :  None 
"Temperature Range ( o p e r a t i n g ) :  6 0 ' ~  t o  1 3 0 ' ~  ( 1 5 ' ~  t o  5 5 ' ~ )  
;k I t ems  r e q u i r e d  by c o n t r a c t .  
